DRIVING METHOD AND DRIVING CIRCUIT FOR PIEZOELECTRIC 
TRANSFORMER, COLD CATHODE TUBE LIGHT-EMITTING 
APPARATUS, LIQUID CRYSTAL PANEL AND 
DEVICE WITH BUILT-IN LIQUID CRYSTAL PANEL 
5 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a driving method and a driving 
circuit for a piezoelectric transformer, a cold-cathode tube light-emitting 

10 apparatus using a cold-cathode tube as a load of a piezoelectric transformer 
in the driving method and the driving circuit, a Uquid crystal panel in which 
the cold-cathode tube hght-emitting apparatus is built, whereby brightness is 
controlled, and a device with a built-in hquid crystal panel, such as a mobile 
telephone, a portable information terminal (PDA^ Personal Digital Assistant), 

15 a communication terminal, etc., in which the Hquid crystal panel is bxiilt. 

2. Description of the Related Art 

Hereinafter, a conventional method for driving a piezoelectric 
transformer will be described. 

20 The piezoelectric transformer has a configuration in which a primary 

Gnput) side electrode and a secondary (output) side electrode are formed on a 
piezoelectric material, an AC voltage in the vicinity of a resonance frequency 
of the piezoelectric transformer is apphed to the primary side electrode to 
vibrate the piezoelectric transformer mechanically, and the mechanical 

25 vibration is converted by a piezoelectric effect so as to be output from the 

secondary side electrode. The piezoelectric transformer can be handled at an 
energy density higher than that of an electromagnetic transformer.- 
Therefore, the piezoelectric transformer can be rendered smaller and thinner, 
compared with the electromagnetic transformer, so that a high conversion 

30 efficiency can be realized. 

Furthermore, the piezoelectric transformer converts energy via 
electrical/mechanical conversion. Therefore, the electromagnetic noise of the 
piezoelectric transformer emitted to a space is much smaller than that of the 
electromagnetic transformer. 

35 Generally, in the piezoelectric transformer, due to the impedance of a 

load connected to the secondary side, a voltage step-up ratio, which 
represents a ratio of a voltage output from the secondary side with respect to 
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a voltage input to the primary side, is varied. Furthermore, a driving 
efl&ciency represented by the electric power output from the secondary side 
with respect to the electric power input to the primary side is varied similarly 
. Therefore, the driviag frequency also is varied, which enables the maximum 
5 voltage step -up ratio and driving efi&ciency to be obtained. More specLELcally, 
in order to drive the piezoelectric transformer ef&ciently at a predetermined 
voltage step-up ratio, it is required to set the driving frequency in accordance 
with the impedance of a load to be connected. 

For example, in the case of using a cold-cathode tube as a load of the 

10 piezoelectric transformer, the cold-cathode tube generally exhibits a high 

impedance equal to or more than himdreds of ]VK2 until it Hghts up, and the 
impedance decreases rapidly to a range between himdreds of kQ and tens of 
kQ after it Ughts up. Therefore, in order to allow the cold-cathode tube to 
Hght up efficiently by using the piezoelectric transformer, it is required to 

15 change the frequency and the level of a voltage apphed to the primary side of 
the piezoelectric transformer between a period before the commencement of 
Ughting and a period after lighting. 

In the case of configuring an inverter circuit, using the piezoelectric 
transformer, a rectangular wave is formed at a frequency in the vicinity of a 

20 resonance frequency of the piezoelectric transformer, using at least one 
switching element. Furthermore, a filter circuit is provided between the 
output side of the switching element and the primary side of the piezoelectric 
transformer, whereby the piezoelectric transformer is driven under a 
condition of an input voltage of the piezoelectric transformer being 

25 approximated to a sine wave as closely as possible. 

In order to enhance the conversion efficiency of the piezoelectric 
transformer, it is required to minimize the input of a frequency component, 
other than those for driving the piezoelectric transformer, to the piezoelectric 
transformer. In the case where an inverter circuit is configured using the 

30 piezoelectric transformer, since the piezoelectric transformer is a capadtive 
element, it is required to provide a filter circuit using an inductor between a 
switching element and a primary side electrode of the piezoelectric 
transformer according to a conventional driving method. 

As a prior art for realizing the above, a power conversion apparatus 

35 (Conventional Example l) as shown in FIG. 16Ais known (for example, see 
page 5, FIGS. l(b), 6, and 8 in JP 10(l998)~201241 A), and a power 
conversion apparatus (Conventional Example 2) as shown in FIG. 17 also is 
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known (for example, see page 5, FIGS. 4, 5, and 9 in JP 10(l998)-201245 A). 

Conventional Examples 1 and 2 are exemplary methods for driving a 
piezoelectric transformer with a stepped waveform signal, in which an 
inverter circuit is configured using a piezoelectric transformer. 
5 In Conventional Example 1 shown in FIG. 16A, the timing of 

charging/discharging of capacitors Cl, C2, and C3 is controlled by switching 
elements for charging Si, S2, S3, S4, and S5, and switching elements for 
discharging S6, S7, S8, S9, and SlO, whereby a voltage level is set from a D.C. 
power supply 103. A stepped voltage waveform in which the time of one step 

10 is Wl is generated by the setting of a voltage level and the timing of 

switching of the switching elements Sa, Sb, Sc, and Sc, as shown in FIG. 16B. 
The stepped voltage waveform is apphed to the piezoelectric transformer 101, 
thereby supplying a load 102 with a power. 

Furthermore, in Conventional Example 2 shown in FIG. 17, an 

15 inductor 104 is connected between a common connecting portion A of the 
switching elements Sa and Sb, and one of primary side electrodes of a 
piezoelectric transformer 101. A capacitor 105 is connected between both the 
primary side electrodes of the piezoelectric transformer 101. The inductor 
104 and the capacitor 5 constitute a filter circuit, and shape the stepped 

20 waveform shown in FIG. 16B into a sine wave. 

However, the above-mentioned Conventional Examples 1 and 2 
merely disclose a method for driving a piezoelectric transformer with a 
stepped waveform signal. 

There are a plurahty of vibration modes of the piezoelectric 

25 transformer. Therefore, in the case where the piezoelectric transformer is 
driven with a driving waveform other than a sine wave, a reactive power is 
increased due to the capacitance component of an input part of the 
piezoelectric transformer, or a harmonic component excites a high-order 
vibration mode of the piezoelectric transformer. 

30 Therefore, in the case of using a cold-cathode tube as a load of the 

piezoelectric transformer, it is required that an inverter circuit should handle 
a reactive power, as well as a power required for hghting up the cold-cathode 
tube. As a result, the efficiency of the inverter circuit decreases and the 
efficiency decreases due to the influence of a dielectric loss in the piezoelectric 

35 tranrformer, which makes it difficult to enhance a conversion efficiency. 

Furthermore, when a high-order vibration mode of the piezoelectric 
transformer is excited with a harmonic component, distortion due to a 
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high-order vibration mode superimposed on a desired vibration mode may be 
generated in the piezoelectric transformer. This causes a decrease in the 
witiistand power of the piezoelectric transformer, and degradation of the 
characteristics due to a large amplitude operation, leading to a decrease in 
5 rehabihty. 

The above-mentioned problem becomes an obstacle to the 
miniaturization of a piezoelectric inverter, and the miniaturization of 
commimication equipment using a hquid crystal panel in which a 
Ught-emitting apparatus of a cold-cathode tube is built, using a piezoelectric 
10 inverter. 

SUMMARY OF THE INVENTION 

Therefore, with the foregoing in mind, it is an object of the present 
invention to provide a driving method and a driving circuit for a piezoelectric 

15 transformer, in which the value of an input current of a harmonic component 
other than a driving frequency included in a driving signal of a piezoelectric 
transformer is suppressed without using an inductive element, whereby a 
driving efficiency of the piezoelectric transformer is enhanced, and 
electromagnetic noise is suppressed. 

20 It is another object of the present invention to provide a driving 

method and a driving circuit for a piezoelectric transformer in which 
rehabihty is enhanced in terms of withstand power and distortion by 
suppressing a higher order vibration mode excited by a harmonic component 
other than a driving frequency, included in a driving signal of the 

25 piezoelectric transformer. 

It is still another object of the present invention to provide a 
cold- cathode tube light- emitting apparatus that controls the Ught emission of 
a cold-cathode tube by using the above-mentioned driving method and driving 
circuit for the piezoelectric transformer, a liquid crystal panel that 

30 incorporates the cold-cathode tube hght-emitting apparatus, and a device 
with a built-in liquid crystal panel such as a mobile telephone and a 
communication terminal, in which a hquid crystal panel is incorporated. 

In order to achieve the above-mentioned object, a first method for 
driving a piezoelectric transformer of the present invention is a method for 

35 driving a piezoelectric transformer in which a primary side electrode and a 
secondary side electrode are formed in a piezoelectric body, and a driving 
signal input firom the primary side electrode is converted and output from the 
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secondary side electrode to a load. The method includes the steps of 
detecting an output state to the load to generate a detection signal; and 
generating the driving signal for controlling a driving frequency and input 
power of the piezoelectric transformer based on the detection signal. The 
5 driving signal is a signal in a rectangular waveform having time periods up to 
an n-th (n is a natural number of 1 or more) time period in which a level is 
varied successively from a maximum potential and a minimum potential to 
an intermediate potential, obtained by respectively multipl3dng a period (T) of 
the driving signal by time ratios up to an n-th time ratio, a sum of the time 

10 ratios up to the n-th time ratio is set to be smaller than 0.5, and the time 
ratios up to the n-th time ratio are set so as to minimize a sum of ratios of 
values of respective higher order input currents with respect to a value of an 
input current with a frequency that excites the piezoelectric transformer. 

In order to achieve the above-mentioned object, a second method for 

15 driving a piezoelectric transformer of the present invention is a method for 
driving a piezoelectric transformer in which a primary side electrode and a 
secondary side electrode are formed in a piezoelectric body, and a driving 
signal input from the primary side electrode is converted and output from the 
secondary side electrode to a load. The method includes the steps of 

20 detecting an output state to the load to generate a detection signal; and 

generating the driving signal for controlling a driving frequency and input 
power of the piezoelectric transformer based on the detection signal. The 
driving signal is a signal in a rectangular waveform having a time period (5T) 
in which a level is a maximum potential (2V) or a minimum potential (O), 

25 obtained by multiplying a period (T) of the driving signal by a predetermined 
time ratio (5), and the time ratio (5) is set to be smaller than 0.5 and so as to 
minimize a sum (R3) of ratios (Rl, R2) of values (A3, A5) of respective higher 
order input currents with respect to a value (Al) of an input current with a 
frequency that excites the piezoelectric transformer. 

30 In order to achieve the above-mentioned object, a third method for 

driving a piezoelectric transformer of the present invention is a method for 
driving a piezoelectric transformer in which a primary side electrode and a 
secondary side electrode are formed in a piezoelectric body, and a driving 
signal input from the primary side electrode is converted and output from the 

35 secondary side electrode to a load. The method includes the steps of 
detecting an output state to the load to generate a detection signal; and 
generating the driAong signal for controUing a driving frequency and input 
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power of the piezoelectric transformer based on tlie detection signal. The 
driving signal is a signal in a rectangular waveform having a first time period 
(5iT) in which a level is a maximum potential (2V) or a minimum potential (O), 
obtaiued by multiplying a period (T) of the driving signal by a first time ratio 
5 (5i) and a second time period (52T) in which a level is a potential (aiV, a2V) 
between the maximum potential and the minimum potential, obtained by 
multiplying a period (T) of the driving signal by a second time ratio (82), a 
sum of the first time ratio (5i) and the second time ratio (82) is set to be 
smaller than 0.5, and the first time ratio (5i) and the second time ratio (82) 

10 are set so as to minimize a sum (R13) of ratios (Rll, R12) of values of 
respective higher order input currents with respect to a value of an input 
current with a frequency that excites the piezoelectric transformer. 

In order to achieve the above-mentioned object, a fourth method for 
driving a piezoelectric transformer of the present invention is a method for 

15 driving a piezoelectric transformer in which a primary side electrode and a 
secondary side electrode are formed in a piezoelectric body, and a driving 
signal input from the primary side electrode is converted and output from the 
secondary side electrode to a load. The method iadudes the steps of 
detecting an output state to the load to generate a detection signal; and 

20 generating the driving signal for controlling a driving frequency and input 
power of the piezoelectric transformer based on the detection signal. The 
driving signal is a signal in a rectangular waveform having time periods up to 
an n-th (n is a natural number of 1 or more) time period in which a level is 
varied successively from a maximum potential and a minimum potential to 

25 an intermediate potential, obtained by respectively multiplsdng a period (T) of 
the driving signal by time ratios up to an n-th time ratio, a sum of the time 
ratios up to the n th time ratio is set to be smaller than 0.5, and the time 
ratios up to the n-th time ratio are set so as to minimize a sum of ratios of 
amplitudes of respective higher order vibration modes with respect to an 

30 amphtude of a vibration mode that excites the piezoelectric transformer. 

In order to achieve the above-mentioned object, a fifth method for 
driving a piezoelectric transformer of the present invention is a method for 
driving a piezoelectric transformer in which a primary side electrode and a 
secondary side electrode are formed in a piezoelectric body, and a driving 

35 signal input from the primary side electrode is converted and output from the 
secondary side electrode to a load. The method includes the steps of 
detecting an output state to the load to generate a detection signal; and 
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generating the driving signal for controlling a driving frequency and input 
power of the piezoelectric transformer based on the detection signal. The 
driving signal is a signal in a rectangular waveform having a time period in 
which a level is a maximum potential (2V) or a minimum potential (O), 
5 obtained by multiplying a period (T) of the driving signal by a predetermined 
time ratio (5), and the time ratio (5) is set to be smaller than 0.5 and so as to 
minimize a sum (R3) of ratios (Rl, R2) of amphtudes (A3, A5) of respective 
higher order vibration modes with respect to an amphtude (Al) of a vibration 
mode that excites the piezoelectric transformer. 

10 In order to achieve the above-mentioned object, a sixth method for 

driving a piezoelectric transformer of the present invention is a method for 
driving a piezoelectric transformer in which a primary side electrode and a 
secondary side electrode are formed in a piezoelectric body, and a driving 
signal input from the primary side electrode is converted and output from the 

15 secondary side electrode to a load. The method includes the steps of 
detecting an output state to the load to generate a detection signal; and 
generating the driving signal for controUing a driving frequency and input 
power of the piezoelectric transformer based on the detection signal. The 
driving signal is a signal in a rectangular waveform having a first time period 

20 (5iT) in which a level is a maximum potential (2V) or a minimum potential (O), 
obtained by multiplying a period (T) of the driving signal by a first time ratio 
(5i) and a second time period (52T) in which a level is a potential (aiV, a2V) 
between the maximum potential and the minimum potential, obtained by 
multiplying a period (T) of the driving signal by a second time ratio (82), a 

25 sum of the first time ratio (5i) and the second time ratio (82) is set to be 

smaller than 0.5, and the first time ratio (5i) and the second time ratio (82) 
are set so as to minimize a sum (R13) of ratios (Rll, R12) of amphtudes of 
respective higher order vibration modes with respect to an amphtude of a 
vibration mode that excites the piezoelectric transformer. 

30 In order to achieve the above-mentioned object, a first driving circuit 

for a piezoelectric transformer of the present invention includes- a 
piezoelectric transformer in which a primary side electrode and a secondary 
side electrode are formed in a piezoelectric body, and a driving signal input 
from the primary side electrode is converted and output from the secondary 

35 side electrode to a load; a detection section for detecting an output state to the 
load to generate a detection signal; a control section for generating a control 
signal for controUing a driving frequency and input power of the piezoelectric 
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transformer based on the detection signal output from the detection section; 
and a driving section for supplying the driving signal to the piezoelectric 
transformer based on the control signal output from the control section. The 
driving signal is a signal in a rectangular waveform having time periods up to 
5 an n-th (n is a natural number of 1 or more) time period ia which a level is 
varied successively from a maximum potential and a minimum potential to 
an intermediate potential, obtained by respectively multiplying a period (T) of 
the driving signal by time ratios up to an n-th time ratio. The control section 
sets a sum of the time ratios up to the n-th time ratio to be smaller than 0.5, 
10 and sets the time ratios up to the n-th time ratio so as to minimize a sum of 
ratios of values of respective higher order input currents with respect to a 
value of an input current with a frequency that excites the piezoelectric 
transformer. 

In order to achieve the above-mentioned object, a second driving 

15 circuit for a piezoelectric transformer of the present invention includes- a 
piezoelectric transformer in which a primary side electrode and a secondary 
side electrode are formed in a piezoelectric body, and a driving signal input 
from the primary side electrode is converted and output from the secondary 
side electrode to a load; a detection section for detecting an output state to the 

20 load to generate a detection signal; a control section for generating a control 
signal (Si, S2; Sll, S12, S13, S14) for controlling a driving frequency and 
input power of the piezoelectric transformer based on the detection signal 
output from the detection section; and a driving section for supplying the 
driving signal (S3) to the piezoelectric transformer based on the control signal 

25 output from the control section, wherein the driving signal is a signal in a 
rectangular waveform having a time period (5T) in which a level is a 
maximum potential (2V; -i-V) or a minimum potential (O; -V), obtained by 
multiplying a period (T) of the driving signal by a predetermined time ratio 
(5). The driving section includes at least two switching elements. The 

30 control section controls a duly ratio of at least two control signals to be 
supphed to the switching elements or controls a phase of the other two 
control signals with respect to two control signals supphed to four switching 
elements, thereby setting the time ratio (5) to be smaller than 0.5 and so as to 
minimize a sum (R3) of ratios (Rl, R2) of values (A3, A5) of respective higher 

35 order input currents with respect to a value (Al) of an input current with a 
frequency that excites the piezoelectric transformer. 

In order to achieve the above-mentioned object, a third driving circuit 
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for a piezoelectric transformer of the present invention includes' a 
piezoelectric transformer in which a primary side electrode and a secondary 
side electrode are formed in a piezoelectric body, and a driving signal input 
from the primary side electrode is converted and output from the secondary 
5 side electrode to a load; a detection section for detecting an output state to the 
load to generate a detection signal; a control section for generating a control 
signal for controlling a driving frequency and input power of the piezoelectric 
transformer based on the detection signal output from the detection section; 
and a driving section for supplying the driving signal to the piezoelectric 

10 transformer based on the control signal output from the control section. The 
driving signal is a signal in a rectangular waveform having a first time period 
(5iT) in which a level is a maximum potential (2V) or a minimum potential (O), 
obtained by multiplying a period (T) of the driving signal by a first time ratio 
(5i) and a second time period (52T) in which a level is a potential (ai, a2) 

15 between the maximum potential and the minimum potential, obtained by 

multiplying a period (T) of the driving signal by a second time ratio (82). The 
control section sets a sum of the first time ratio (5i) and the second time ratio 
(82) to be smaller than 0.5, and sets the first time ratio (5i) and the second 
time ratio (82) so as to minimize a sum of ratios of values of respective higher 

20 order input currents with respect to a value of an input current with a 
firequency that excites the piezoelectric transformer. 

In order to achieve the above-mentioned object, a fourth driving 
circuit for a piezoelectric transformer of the present invention includes* a 
piezoelectric transformer in which a primary side electrode and a secondary 

25 side electrode are formed in a piezoelectric body, and a driving signal input 
from the primary side electrode is converted and output from the secondary 
side electrode to a load; a detection section for detecting an output state to the 
load to generate a detection signal; a control section for generating a control 
signal for controlling a driving firequency and input power of the piezoelectric 

30 transformer based on the detection signal output from the detection section; 
and a driving section for supplying the driving signal to the piezoelectric 
transformer based on the control signal output from the control section. The 
driving signal is a signal in a rectangular waveform having time periods up to 
an n-th (n is a natural number of 1 or more) time period in which a level is 

35 varied successively from a maximum potential and a minimum potential to 

an intermediate potential, obtained by respectively multipljdng a period (T) of 
the driving signal by time ratios up to an n-th time ratio, and the control 
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section sets a sum of the time ratios up to Hie n-th time ratio to be smaller 
than 0.5, and sets the time ratios up to the n-th time ratio so as to minimize a 
sum of ratios of amphtudes of respective higher order vibration modes with 
respect to an amphtude of a vibration mode that excites the piezoelectric 
5 transformer. 

In order to achieve the above-mentioned object, a fifth driving circuit 
for a piezoelectric transformer of the present invention includes- a 
piezoelectric transformer in which a primary side electrode and a secondary 
side electrode are formed in a piezoelectric body, and a driving signal input 

10 from the primary side electrode is converted and output from the secondary 
side electrode to a load; a detection section for detecting an output state to the 
load to generate a detection signal; a control section for generating a control 
signal (SI, S2; Sll, S12, S13, Sl4) for controlling a driving frequency and 
input power of the piezoelectric transformer based on the detection signal 

15 output from the detection section; and a driving section for supplying the 

driving i^gnal (JS3) to the piezoelectric transformer based on the control signal 
output from the control section. The driving signal is a signal in a 
rectangular waveform having a time period (5T) in which a level is a 
maximum potential (2V; +V) or a minimum potential (O; — "NO, obtained by 

20 multiplying a period (T) of the driving signal by a predetermined time ratio 
(6). The driving section includes at least two switching elements. The 
control section controls a duty ratio of at least two control signals to be 
supphed to the switching elements or controls a phase of the other two 
control signals with respect to two control signals to be supphed to four 

25 switching elements, thereby setting the time ratio (5) to be smaller than 0.5 
and so as to minimize a sum of ratios of amplitudes of respective higher order 
vibration modes with respect to an amphtude of a vibration mode that excites 
the piezoelectric transformer. 

In order to achieve the above-mentioned object, a sixth driving circuit 

30 for a piezoelectric transformer of the present invention includes : a 

piezoelectric transformer in which a primary side electrode and a secondary 
side electrode are formed in a piezoelectric body, and a driving signal input 
&om the primary side electrode is converted and output from the secondary 
side electrode to a load; a detection section for detecting an output state to the 

35 load to generate a detection signal; a control section for generating a control 
signal for controlling a driving frequency and input power of the piezoelectric 
transformer based on the detection signal output from the detection section; 
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and a driving section for supplying the driving signal to the piezoelectric 
transformer based on the control signal output from the control section. The 
driving signal is a signal in a rectangular waveform having a first time period 
(5iT) in which a level is a maximum potential (2V) or a minimum potential (O), 
5 obtained by multiplying a period (T) of the driving signal by a first time ratio 
(5i) and a second time period (82) in which a level is a potential (ai, 0.2) 
between the maximum potential and the minimum potential, obtained by 
multiplying a period (T) of the driving signal by a second time ratio (62). The 
control section sets a sum of the first time ratio (5i) and the second time ratio 

10 (82) to be smaller than 0.5, and sets the first time ratio (5i) and the second 
time ratio (82) so as to minimize a sum (R13) of ratios (Rll, R12) of 
ampHtudes of respective higher order vibration modes with respect to an 
amphtude of a vibration mode that excites the piezoelectric transformer. 

In the first to sixth driving methods for a piezoelectric transformer, 

15 and the first to sixth driving dxcmts for a piezoelectric transformer of the 
present invention, the load is a cold-cathode tube. 

in order to achieve the above-mentioned object, a fixst cold-cathode 
tube light-emitting apparatus of the present invention includes- a 
piezoelectric transformer in which a primary side electrode and a secondary 

20 side electrode are formed in a piezoelectric body, and a driving signal input 
from the primary side electrode is converted and output firom the secondary 
side electrode; a cold-cathode tube connected to the secondary side electrode 
of the piezoelectric transformer; a detection section for detecting an output 
state to the cold-cathode tube to generate a detection signal; a control section 

25 for generating a control signal for controlling a driving frequency and input 
power of the piezoelectric transformer based on the detection signal output 
from the detection section; and a driving section for supplying the driving 
signal to the piezoelectric transformer based on the control signal output from 
the control section. The driving signal is a signal in a rectangular waveform 

30 having time periods up to an n-th (n is a natural number of 1 or more) time 
period in which a level is varied successively from a maximum potential and 
a minimum potential to an intermediate potential, obtained by respectively 
multiplying a period (T) of the driving signal by time ratios up to an n-th time 
ratio. The control section sets a sum of the time ratios up to the n-th time 

35 ratio to be smaller than 0.5 and sets the time ratios up to the n-th time ratio 
so as to minimize a sum of ratios of values of respective higher order input 
currents with respect to a value of an input current with a frequency that 
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excites the piezoelectric transformer, and generates the control signal based 
on the set time ratios up to the n-th time ratio. 

In order to achieve the above-mentioned object, a second cold-cathode 
tube Kght-emitting apparatus of the present invention includes' a 
5 piezoelectric transformer in which a primary side electrode and a secondary 
side electrode are formed in a piezoelectric body, and a driving signal input 
from the primary side electrode is converted and output from the secondary 
side electrode; a cold-cathode tube connected to the secondary side electrode 
of the piezoelectric transformer; a detection section for detecting an output 

10 state to the cold-cathode tube to generate a detection signal; a control section 
for generating a control signal for controlling a driving frequency and input 
power of the piezoelectric transformer based on the detection signal output 
from the detection section; and a driving section for suppljdng the driving 
signal to the piezoelectric transformer based on the control signal output from 

15 the control section. The driving signal is a signal in a rectangular waveform 
havLUg a time period (5T) in which a level is a maximum potential (2V; h-V) or 
a minimum potential (0; -V), obtained by multiplying a period (T) of the 
driving signal by a predetermined time ratio (6). The control section sets the 
time ratio (5) to be smaller than 0.5 and so as to minimize a sum (R3) of ratios 

20 (Rl, R2) of values (A3, A5) of respective higher order input currents with 
respect to a value (Al) of an input current of a frequency that excites the 
piezoelectric transformer, and generates the control signal based on the set 
time ratio. 

In order to achieve the above-mentioned object, a third cold-cathode 
25 tube hght-emitting apparatus of the present invention includes' a 

piezoelectric transformer in which a primary side electrode and a secondary 
side electrode are formed in a piezoelectric body, and a driving signal input 
from the primary side electrode is converted and output from the secondary 
side electrode; a cold-cathode tube connected to the secondary side electrode 
30 of the piezoelectric transformer; a detection section for detecting an output 
state to the cold-cathode tube to generate a detection signal; a control section 
for generating a control signal for controlling a driving frequency and input 
power of tlie piezoelectric transformer based on the detection signal output 
from the detection section; and a driving section for supplying the driving 
35 signal to the piezoelectric transformer based on the control signal output from 
the control section. The driving signal is a signal in a rectangular waveform 
having a first time period (5iT) in which a level is a maximum potential (2V) 
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or a minimum potential (O), obtained by multiplsdng a period (T) of the 
driving signal by a first time ratio (5i) and a second time period (62T) in which 
a level is a potential (ai, a2) between the maximum potential and the 
minimum potential, obtained by multipljdng a period (T) of the driving signal 
5 by a second time ratio (82). The control section sets a sum of the first time 
ratio (61) and the second time ratio (82) to be smaller than 0.5 and sets the 
first time ratio (5i) and the second time ratio (62) so as to minimize a sum of 
ratios of values of respective higher order input currents with respect to a 
value of an input current with a frequency that excites the piezoelectric 

10 transformer, and generates the control signal based on the set first time ratio 
(61) and the set second time ratio (82). 

In order to achieve the above-mentioned object, a fourth cold-cathode 
tube hght-emitting apparatus of the present invention includes* a 
piezoelectric transformer in which a primary side electrode and a secondary 

15 side electrode are formed in a piezoelectric body, and a driving signal input 
firom the primary side electrode is converted and output firom the secondary 
side electrode; a cold-cathode tube connected to the secondary side electrode 
of the piezoelectric transformer; a detection section for detecting an output 
state to the cold-cathode tube to generate a detection signal; a control section 

20 for generating a control signal for controlling a driving frequency and input 
power of the piezoelectric transformer based on the detection signal output 
from the detection section; and a driving section for supplying the driving 
signal to the piezoelectric transformer based on the control signal output from 
the control section. The driving signal is a signal in a rectangular waveform 

25 having time periods up to an n-th (n is a natural number of 1 or more) time 
period in which a level is varied successively from a maximum potential and 
a minimum potential to an intermediate potential, obtained by respectively 
multiplying a period (T) of the driving signal by time ratios up to an n-th time 
ratio. The control section sets a sum of the time ratios up to the n-th time 

30 ratio to be smaller than 0.5 and sets the time ratios up to the n-th time ratio 
so as to minimize a sum of ratios of amplitudes of respective higher order 
vibration modes with respect to an ampHtude of a vibration mode that excites 
the piezoelectric transformer, and generates the control signal based on the 
set time ratios up to the n-th time ratio. 

35 In order to achieve the above-mentioned object, a fifth cold-cathode 

tube Hght-emitting apparatus of the present invention includes- a 
piezoelectric transformer in which a primary side electrode and a secondary 
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side electrode are formed in a piezoelectric body, and a driving signal input 
from the primary side electrode is converted and output from the secondary 
side electrode; a cold-cathode tube connected to the secondary side electrode 
of the piezoelectric transformer; a detection section for detecting an output 
5 state to the cold-cathode tube to generate a detection signal; a control section 
for generating a control signal for controlling a driving frequency and input 
power of the piezoelectric transformer based on the detection signal output 
from the detection section; and a driving section for supplying the driving 
signal to the piezoelectric transformer based on the control signal output from 

10 the control section. The driving signal is a signal in a rectangular waveform 
having a time period (5T) in which a level is a maximum potential (2V; +V) or 
a minimum potential (O; -V), obtained by multipl5dng a period (T) of the 
driving signal by a predetermined time ratio (5). The control section sets the 
time ratio (5) to be smaller than 0.5 and so as to minimize a sum (R3) of ratios 

15 (Rl, R2) of amplitudes (A3, A5) of respective higher order vibration modes 
with respect to an amplitude (Al) of a vibration mode that excites the 
piezoelectric transformer, and generates the control signal based on the set 
time ratio (6). 

In order to achieve the above-mentioned object, a sixth cold-cathode 

20 tube hght emitting apparatus of the present invention includes- a 

piezoelectric transformer in which a primary side electrode and a secondary 
side electrode are formed in a piezoelectric body, and a driving signal input 
from the primary side electrode is converted and output from the secondary 
side electrode; a cold-cathode tube connected to the secondary side electrode 

25 of the piezoelectric transformer; a detection section for detecting an output 
state to the cold-cathode tube to generate a detection signal; a control section 
for generating a control signal for controlling a driving frequency and input 
power of the piezoelectric transformer based on the detection signal output 
from the detection section; and a driving section for supplying the driving 

30 signal to the piezoelectric transformer based on the control signal output from 
the control section. The driving signal is a signal in a rectangular waveform 
having a first time period (6iT) in which a level is a maximum potential (2V) 
or a minimum potential (O), obtained by multiplying a period (T) of the 
driving signal by a first time ratio (5i) and a second time period (52T) in which 

35 a level is a second time period (aiV, a2V) that is a potential between the 

maximum potential and the minimum potential, obtained by multiplying a 
period (T) of the driving signal by a second time ratio (62). The control 
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section sets a sum of the first time ratio (5i) and the second time ratio (82) to 
be smaller than 0.5 and sets the first time ratio (5i) and the second time ratio 
(82) so as to minimize a sum (R13) of ratios (Rll, R12) of amplitudes of 
respective higher order vibration modes with respect to an amplitude of a 
5 vibration mode that excites the piezoelectric transformer, and generates the 
control signal based on the set first time ratio (5i) and the set second time 
ratio (82). 

In order to adiieve the above-mentioned object, a hquid crystal panel 
of the present invention includes any of the above-mentioned first to sixth 

10 cold-cathode tube Ught-emitting apparatuses, and has a brightness controlled 
by the cold-cathode tube light-emitting apparatus. 

In order to achieve the above-mentioned object, a device with a 
built-in liquid crystal panel of the present invention incorporates the liquid 
crystal panel of the present invention. 

15 According to the first to third driving methods and driving circuits of 

a piezoelectric transformer, by suppressing an input current value of a 
harmonic component other than a driving frequency, included in the driving 
signal of the piezoelectric transformer, without using an inductive element, 
the driving efELciency of the piezoelectric transformer can be enhanced, and 

20 electromagnetic noise can be suppressed. 

According to the fourth to sixth driving methods and driving circuits 
of a piezoelectric transformer, by suppressing a higher order vibration mode 
excited by a harmonic component other than a driving frequency, included in 
the driving signal of the piezoelectric transformer, without using an inductive 

25 element, the reliability of the piezoelectric transformer due to withstand 
power and distortion can be enhanced. 

By including a cold-cathode tube hght-emitting apparatus for 
controlling the Hght emission of a cold-cathode tube by the above-mentioned 
driving circuit of the piezoelectric transformer in a liquid crystal panel, and 

30 incorporating the Uquid crystal panel in a device such as a mobile telephone 
and a communication terminal, the device can be miniaturized, and its 
rehability can be enhanced. 

These and other advantages of the present invention will become 
apparent to those skilled in the art upon reading and understanding the 

35 following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 1 is a block diagram showing an exemplary configuration of a 
piezoelectric transformer driving circuit according to Embodiment 1 of the 
present invention. 

FIG. 2 A is a waveform diagram showing an example of a driving 
5 signal in a rectangular waveform apphed from a driving section 4 to a 
piezoelectric transformer 1 in FIG. 1. 

FIG. 2B is a graph showing a change in an amphtude A in each 
vibration mode calculated from a frequency component by Fourier 
transformation, with respect to a change in a time ratio 5 shown in FIG. 2A. 
10 FIG. 2C is a graph showing a ratio Rl of an amphtude A3 in a third 

order vibration mode and a ratio R2 of an amphtude A5 in a fifth order 
vibration mode with respect to an amphtude Al in a first order vibration 
mode shown in FIG. 2B, and a value R3 obtained by normahzing a sum of Rl 
andR2. 

15 FIG. 3 is a block diagram showing an exemplary configuration of a 

piezoelectric transformer driving circuit according to Embodiment 2 of the 
present invention. 

FIG. 4 is a timing chart of a signal ia each section in the driving 
circxiit shown in FIG. 3. 
20 FIG. 5 is a block diagram showing a modified example of the 

piezoelectric transformer driving circmt according to Embodiment 2 of the 
present iavention. 

FIG. 6 is a timing chart of a signal in each section in the driving 
circuit shown in FIG. 5. 
25 FIG. 7 is a block diagram showing an exemplary configuration of a 

piezoelectric transformer driving circuit according to Embodiment 3 of the 
present invention. 

FIG. 8 is a timing chart of a signal in each section in the driving 
circuit shown in FIG. 7. 
30 FIG. 9 is a block diagram showing an exemplary configuration of a 

piezoelectric transformer driving drcuit according to Embodiment 4 of the 
present invention. 

FIG. lOAis a waveform diagram showing an example of a driving 
signal ia a rectangular waveform apphed from a driving section 34 to a 
35 piezoelectric transformer 1 shown in FIG. 9. 

FIG. lOB is a graph showing changes in a ratio R 11 of an amphtude 
of a third order vibration mode to an amphtude of a first order vibration mode, 
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a ratio R 12 of an amplitude of a fifth order vibration mode to the ampHtude of 
the first order vibration mode, and a value R13 obtained by normalizing a 
sum of Rll and R12, with respect to a change in a second time ratio 52, in a 
case where a first time ratio 5i shown in FIG. lOAis set to be 0.21. 
5 FIG. 11 shows a perspective view illustrating a configuration of the 

piezoelectric transformer 1 shown in FIG. 1 and a waveform diagram showing 
a displacement distribution of a X (one wavelength) vibration mode, for 
illustrating Embodiment 5 of the present invention. 

FIG. 12 is a graph showing frequency characteristics of admittance of 

10 a piezoelectric transformer 1 shown in FIG. 11, for iLLustrating Embodiment 5 
of the present invention. 

FIG. 13 A is a waveform diagram showing an example of a driving 
signal in a rectangular waveform applied from the driving section 4 shown in 
FIG. 1 to the piezoelectric transformer 1, in Embodiment 5 of the present 

15 invention. 

FIG. 13B is a graph showing a change in a component A of each input 
current calculated firom a firequency component by Fourier transformation, 
with respect to a change in a time ratio 5 shown in FIG. 13A. 

FIG. 13C is a graph showing a ratio Rl of a third order component A3 
20 of an input current and a ratio R2 of a fifth order component A5 of an input 
current with respect to a first component Al of the input current shown in 
FIG. 13B, and a value R3 obtained by normalizing a sum of Rl and R2. 

FIG. 14 is a schematic diagram showing an internal configuration of a 
liquid crystal panel according to Embodiment 6 of the present invention. 
25 FIG. 15 is a schematic diagram showing an external configuration of 

a mobile telephone as a device with a built-in liquid crystal panel according to 
Embodiment 7 of the present invention. 

FIG. 16 A is a circuit diagram showing an exemplary configuration of 
a driving circuit for a piezoelectric transformer according Conventional 
30 Example 1. 

FIG. 16B is a waveform diagram showing a voltage appHed to a 
piezoelectric transformer 101 shown in FIG. 16A. 

FIG. 17 is a circuit diagram showing an exemplary configuration of a 
driving circuit for a piezoelectric transformer according to Conventional 
35 Example 2. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Hereinafter, the present invention will be described by way of 
preferred embodiments with reference to the drawings. 

F.TTihnrlimPTit 1 

5 FIG. 1 is a block diagram showing an exemplary configuration of a 

driving circuit for a piezoelectric transformer according to Embodiment 1 of 
the present invention. In FIG. 1, reference numeral 1 denotes a piezoelectric 
transformer, 2 denotes a load, 3 denotes a control section, 4 denotes a driving 
section, and 5 denotes a detection section. 

10 FIG. 2 A is a waveform diagram showing an example of a driving 

signal in a rectangular waveform appUed from the driving section 4 to the 
piezoelectric transformer 1. In FIG. 2 A, a period T of the driving signal in a 
rectangular waveform corresponds to a reciprocal of a driving frequency of 
the piezoelectric transformer 1, and a time period in which the potential of 

15 the driving signal is a maximum potential (2V) or a minimum potential (0) is 
set to be 5T. V denotes an intermediate potential. More specifically, 5 
represents a time ratio at which the level of the driving signal is a maximum 
potential or a minimum potential, with respect to the period T of the driving 
signal. 

20 FIG. 2B is a graph showing a change in an amplitude Aia each 

vibration mode calculated from a frequency component by Fourier 
Transformation, with respect to a change in the time ratio 5 shown in FIG. 2A. 
In FIG. 2B, Al represents a change in the amphtude A of a first order (basic) 
vibration mode that excites the piezoelectric transformer, with respect to a 

25 change in the time ratio 5,; A3 represents a change in the amphtude A of a 
third order vibration mode with respect to a change in the time ratio 5; and 
A5 represents a change in the amphtude A of a fifth order vibration mode 
with respect to a change in the time ratio 5. 

FIG. 2C is a graph showing a ratio Rl of an amphtude A3 of a third 

30 order vibration mode that is higher than the first order vibration mode and a 
ratio R2 of an amphtude A5 of a fifth order vibration mode that is higher than 
the first order vibration mode, with respect to the amplitude Al of the first 
order vibration mode shown in FIG. 2B, and a value R3 obtained by 
normalizing a sum of Rl and R2. 

35 As shown in FIG. 2C, R3 becomes minimum when the time ratio 5 is 

in the vicinity of 0.4 (40%). Therefore, when the time ratio 6 is set to be in 
the vicinity of 0.4, frequency components in the third order vibration mode 
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and fifth order vibration mode can be decreased, compared with the case 
where 5 is 0.5 (the duty ratio of the driving signal in a rectangular waveform 
appHed to the piezoelectric transformer 1 is 0.5). 

Next, the operation of the driving circuit for the piezoelectric 
5 transformer 1 will be described, based on the time ratio 5 obtained as 
described above. 

In FIG. 1, the driving frequency and appUed voltage (potential V in 
FIG. 2 A) of the piezoelectric transformer 1 are set in the control section 3. A 
control signal is generated based on the time ratio 5 obtained as shown in 

10 FIG. 2C. In accordance with the control signal, the driving section 4 

supphes power to a primary side electrode of the piezoelectric transformer 1 
in a voltage waveform with an amphtude shape as shown in FIG. 2A, The 
power supphed from the driving section 4 is stepped-up by the piezoelectric 
transformer 1 to be output, whereby the load 2 is supphed with the power. 

15 The detection section 5 detects an output state of the load 2, and sends a 

detection signal in accordance with the output state to the control section 3. 
The control section 3 controls the driving frequency or the apphed voltage so 
that the output state of the load 2 is constant or varied, based on the 
detection signal from the detection section 5. 

20 In the case of using a cold-cathode tube as the load 2 in a circuit 

composed of elements having the above-mentioned functions, the cold-cathode 
tube has a high impedance of hundreds of MQ or higher until it starts 
Ughting up, and the impedance of the cold-cathode tube is rapidly decreased 
to hundreds of kQ during Hghting. Consequently, the frequency 

25 characteristics of the resonance frequency and the voltage step -up ratio of the 
piezoelectric transformer 1 are varied. Therefore, the control section 3 can 
control the hghting of the cold-cathode tube and the brightness during 
hghting by setting the driving frequency and the apphed voltage in 
accordance with the lighting state of the cold-cathode tube, i.e., a change in 

30 impedance. 

As described above, according to the present embodiment, by 
suppressing a higher order vibration mode that is excited by a harmonic 
component other than a driving firequency, included in the driving signal of 
the piezoelectric transformer, without using an inductive element, a driving 

35 efficiency and the rehabihty in terms of withstand power and distortion of the 
piezoelectric transformer can be enhanced. 

Furthermore, it is not necessarily required that the driving circuit of 
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the present embodiment is realized with the components shown in FIG. 1, 
and other components may be used as long as they achieve the same 
fiinctions as those in FIG. 1. 

In the present embodiment, regarding the value of the time ratio 5, 
5 the case has been described in which the piezoelectric transformer is excited 
in a first order vibration mode, considering the influence of a third order 
vibration mode and a fifth order vibration mode with respect to the first order 
vibration mode. According to the present invention, the influence of higher 
order modes is not limited to the consideration up to the fifth order vibration 
10 mode. 

In addition, the vibration mode for exciting the piezoelectric 
transformer is not limited to a first order vibration mode. If the value of the 
time ratio 5 is set, considering the influence of a vibration mode higher than 
the vibration mode that excites the piezoelectric transformer, the same effects 

15 can be obtained. 

Furthermore, the driving firequency and driving voltage of the 
piezoelectric transformer 1 may be set in the control section 3 based on the 
detection signal from the detection section 5 in FIG. 1, by software processing 
using a microcomputer, peripheral equipment such as a data accumulation 

20 apparatus (e.g., a memory), or the like. Furthermore, the driving section 4 
may be composed of a D/A converter or the like for outputting the driving 
voltage waveform as shown in FIG. 2A, an amplifier such as an operational 
amplifier, and the like. 

25 Embodiment 2 

FIG. 3 is a block diagram showing an exemplary configuration of a 
driving circuit for a piezoelectric transformer according to Embodiment 2 of 
the present invention. In FIG. 3, the components having the same 
configurations and functions as those in Embodiment 1 shown in FIG. 1 are 

30 denoted with the same reference numerals as those therein, and the 
description thereof will be omitted here. 

In FIG. 3, a driving section 14 has a configuration in which a first 
switching element 16, a second switching element 17, a resistor Rl, and a 
resistor R2 are connected in series to each other. One primary side electrode 

35 of the piezoelectric transformer 1 is groimded. A gate of the first switching 
element 16 is suppUed with a first control signal Si from a control section 13, 
and a gate of the second switching element 17 is suppHed with a second 
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control signal S2 £irom the control section 13. A driving signal S3 is output 
from a common connection portion of the resistors Rl and R2. 

Next, the operation of the driving dxcuit for the piezoelectric 
transformer thus configured will be described with reference to FIG. 4 as well 
5 as FIG. 3. FIG. 4 is a timing chart of a signal in each section in the driving 
circuit shown in FIG. 3. In FIG. 4, "ON" and "OFF' represent that the first 
switching element 16 is in an ON state and an OFF state due to first control 
signals Si and Si', and the second switching element 17 is in an ON state 
and an OFF state due to second control signals S2 and S2'. 

10 When the first control signal Si is appHed to the first switching 

element 16 and the second control signal S2 is applied to the second 
switching element 17 from the control section 13 in a timing relationship 
shown in FIG. 4, the primary side electrode of the piezoelectric transformer 1 
is supplied with a driving signal S3 having a voltage waveform in which the 

15 time period of a maximum potential 2V is 5T, the time period of an 

intermediate potential V is (l— 25)T, and the time period of a minimum 
potential 0 is 5T. 

Furthermore, when the first control signal Si' having a duty ratio and 
a phase different from those of Si is apphed to the first switching element 16, 

20 and the second control signal S2* having a duty ratio and a phase different 
from those of S2 is appHed to the second switching element 17 from the 
control section 13, the primary side electrode of the piezoelectric transformer 
1 is supplied with a driving signal S3' having a voltage waveform in which the 
time period of a maximum potential 2V is 5'T, the time period of an 

25 intermediate potential V is (l— 250T, and the time period of a minimum 
potential 0 is 5'T. 

As shown in FIG. 4, by changing the duty ratio of the first control 
signal and the second control signal, the voltage waveform of a driving signal 
apphed to the piezoelectric transformer 1 can be varied. 

30 In the same way as in Embodiment 1, in the control section 13, the 

driving frequency and apphed voltage (the intermediate potential V in FIG. 4) 
of the piezoelectric transformer 1 are set. The first control signal SI and the 
second control signal S2 as shown in FIG. 4 are generated based on the time 
ratio 5 obtained as shown in FIG. 2C. Based on the first control signal Si 

35 and the second control signal S2, the driving section 13 supplies power to the 
primary side electrode of the piezoelectric transformer 1 in a voltage 
waveform with an ampHtude shape as shown in FIG. 4. The power suppHed 
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ficom the driving section 14 is stepped-up by the piezoelectric transformer 1 to 
be output, whereby the load 2 is suppUed with the power. The detection 
section 5 detects the output state of the load 2, and sends a detection signal in 
accordance with the oulput state to the control section 13. The control 
5 section 13 controls the driving frequency or appUed voltage so that the output 
state of the load 2 is constant or varied, based on the detection signal from 
the detection section 5. 

In the case of using a cold-cathode tube as the load 2 in a circuit 
composed of elements having the above-mentioned functions, in the same 

10 way as in Embodiment 1, the control section 13 sets the driving frequency 
and applied voltage in accordance with the LLghting state of the cold-cathode 
tube, i.e., the change in impedance, whereby the control section 13 can control 
the hghting of the cold cathode-tube and the brightness during lighting. 
As described above, according to the present embodiment, by 

15 suppressing a higher order vibration mode that is excited by a harmonic 

component other than a driving frequency, included in the driving signal of 
the piezoelectric transformer, without using an inductive element, a driving 
efficiency and the reliability in terms of withstand power and distortion of the 
piezoelectric transformer can be enhanced. Furthermore, with a simple 

20 configuration, the driving circuit for the piezoelectric transformer can be 
realized. 

Even with the configuration shown in FIG. 5, instead of the 
configuration shown in FIG. 3, the driving section 14 has the same effects. 
In a modified example shown in FIG. 5, the driving section 14 has a 

25 configuration in which a first series connection body is connected in parallel 
to a second series connection body. In the first series connection body, the 
first switching element 16 aind the second switching element 17 are connected 
in series to each other, and in the second series connection body, a capacitor 
Cl and a capacitor C2 are connected in series to each other. In this case, a 

30 timing relationship between the first control signals Si, Si* and the second 
control signals S2, S2'is as shown in FIG. 6. 

Embodiment 3 

FIG. 7 is a block diagram showing an exemplary configuration of a 
35 driving circuit for a piezoelectric transformer according to Embodiment 3 of 
the present invention. In FIG. 7, the components having the same 
configurations and functions as those in Embodiment 1 shown in FIG. 1 are 
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denoted with the same reference numerals as those therein, and the 
description thereof will be omitted here. 

In FIG. 7, a driving section 24 is composed of a first series connection 
body in which a first switching element 26 and a second switching element 27 
5 are connected in series, and a second series connection body in which a third 
switching element 28 and a fourth switching element 29 are connected in 
series. A common connection portion (an output portion of the first series 
connection body) between the first switching element 26 and the second 
switching element 27 is connected to one primary side electrode of the 

10 piezoelectric transformer 1. A common connection portion (an output portion 
of the second series connection body) between the third switching element 28 
and the fourth switching element 29 is connected to the other primary side 
electrode of the piezoelectric transformer 1. 

A gate of the first switching element 26 is suppKed with a first control 

15 signal Sll from a control section 23, and a gate of the second switching 
element 27 is suppUed with a second control signal S12 firom the control 
section 23. A gate of the third switching element 28 is supphed with a third 
control signal Sl3 from the control section 23, and a gate of the fourth 
switching element 29 is suppHed with a fourth control signal S14 firom the 

20 control section 23. A driving signal S3 is apphed between the primary side 
electrodes of the piezoelectric transformer 1 

Next, the operation of the driving circuit for the piezoelectric 
transformer thus configured will be described with reference to FIG, 8 as well 
as FIG. 7. FIG. 8 is a timing chart of a signal in each section in the driving 

25 circuit shown in FIG. 7. In FIG. 8, "ON" and "OFF' represent that the first 
switching element 26 is in an ON state and an OFF state due to the first 
control signal Sll, the second switching element 27 is in an ON state and an 
OFF state due to the second control signal S12, the third switching element 
28 is in an ON state and an OFF state due to the third control signals S13, 

30 S13', and the fourth switching element 29 is in an ON state and an OFF state 
due to the fourth control signals S 14, S14', 

When the first control signal Sll is applied to the gate of the first 
switching element 26, the second control signal Sl2 is appUed to the gate of 
the second switching element 27, the third control signal Sl3 is apphed to the 

35 gate of the third switching element 28, and the fourHi control signal S14 is 

appUed to the gate of the fourth switching element 29 from the control section 
23 in a timing relationship shown in FIG. 8, a portion between the primary 
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side electrodes of the piezoelectric transformer 1 is suppUed with a driving 
signal S3 having a voltage waveform in which the time period of a maximum 
potential +V is 6T, the time period of an intermediate potential 0 is (l-25)T, 
and the time period of a minimum potential -V is 5T. Herein, the first 
5 control signal Sll and the second control signal S12 have a logic inverted 
relationship, and the third control signal S13 and the foxirth control signal 
S14 have a logic inverted relationship. Furthermore, the third control signal 

513 and the fourth control signal S14 have a phase difference with respect to 
the first control signal Sll and the second control signal S12. 

10 Furthermore, when the fixst control signal Sll is appUed to the gate 

of the first switching element 26, the second control signal S12 is appHed to 
the gate of the second switching element 27, the third control signal S 13' 
having a phase different from that of Sl3 is appHed to the gate of the third 
switching element 28, and the fourth control signal S14' having a phase 

15 different from that of S14 is appUed to the gate of the fourth switching 

element 29 from the control section 23, a portion between the primary side 
electrodes of the piezoelectric transformer 1 is suppUed with the driving 
signal S3* having a voltage waveform in which the time period of a maximum 
potential +V is 5'T, the time period of an intermediate potential 0 is (l-i250T, 

20 and the time period of a minimum potential -V is 5'T. 

As shown in FIG. 8, by changing the phases of the third and fourth 
control signals with respect to the first and second control signals, the voltage 
waveform of the driving signal applied to the piezoelectric transformer 1 can 
be varied. 

25 In the same way as in Embodiment 1, in the control section 23, the 

driving firequency and applied voltage (the potential V in FIG. 8) of the 
piezoelectric transformer 1 are set. The fijrst control signal Sll, the second 
control signal S12, the third control signal S13, and the fourth control signal 

514 as shown in FIG. 8 are generated based on the time ratio 6 obtained as 
30 shown in FIG. 2C. Based on the control signals Sll, S12, Sl3, and S14, the 

driving section 24 suppHes power to a portion between the primary side 
electrodes of the piezoelectric transformer 1 in a voltage waveform with an 
amphtude shape as shown in FIG. 8. The power supphed from the driving 
section 24 is stepped-up by the piezoelectric transformer 1 to be output, 
35 whereby the load 2 is supphed with the power. The detection section 5 
detects the output state of the load 2, and sends a detection signal in 
accordance with the output state to the control section 23. The control 
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section 23 controls the driving frequency or applied voltage so that the output 
state of the load 2 is constant or varied, based on the detection signal from 
the detection section 5. 

In the case of using a cold-cathode tube as the load 2 in a circuit 
5 composed of elements having the above-mentioned functions, the control 
section 23 sets the driving frequency and applied voltage in accordance with 
the Ughting state of the cold cathode tube, i.e., the change in impedance, 
whereby the control section 23 can control the lighting of the cold 
cathode-tube and the brightness during lighting. 

10 As described above, according to the present embodiment, by 

suppressing a higher order vibration mode that is excited by a harmonic 
component other than a driving frequency, included in the driving signal of 
the piezoelectric transformer, without using an inductive element, a driving 
efficiency and the reliability in terms of withstand power and distortion of the 

15 piezoelectric transformer can be enhanced. 

Furthermore, according to the present embodiment, as shown in FIG. 
8, positive and negative potentials +V and —V can be appUed with respect to a 
zero potential (O) that is a ground level of the driving circuit, as a voltage to 
be apphed to the piezoelectric transformer 1. Therefore, compared with 

20 Embodiments 1 and 2, waste power consumption can be suppressed since a 
voltage is not apphed to the piezoelectric transformer 1 before operation. 
Furthermore, the potential of the driving signal is changed only from 0 
(ground level) to +V, or only from 0 to -V, so that a switching noise can be 
decreased compared with Embodiments 1 and 2 in which the driving signal is 

25 changed from 0 to 2V. 

Thus, according to the present embodiment, in addition to the 
advantages in Embodiments 1 and 2, a driving circuit for a piezoelectric 
transformer with the generation of noise further suppressed can be realized. 

30 TCmhoHiniPnt d 

FIG. 9 is a block diagram showing an exemplary configuration of a 
driving circuit for a piezoelectric transformer according to Embodiment 4 of 
the present invention. In FIG. 9, the components having the same 
configurations and functions as those in Embodiment 1 are denoted with the 
35 same reference numerals as those therein, and the description thereof will be 
omitted here. 

In the present embodiment, a voltage waveform of a driving signal 
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applied to a primary side electrode from the driving section 34 to the 
piezoelectric transformer 1 based on the control signal from the control 
section 33 is diSerent from that in Embodiment 1 

FIG. lOA shows a waveform diagram showing an example of a driving 
5 signal in a rectangular waveform appHed from the driving section 34 to the 
piezoelectric transformer 1. In FIG. lOA, a period T of the driving signal in 
a rectangular waveform corresponds to a reciprocal of the driving frequency 
of the piezoelectric transformer 1. Assuming that a frrst time ratio is 5i, and 
a second time ratio is 82, a time period in which the potential of the driving 

10 signal becomes a maximum potential 2V or a minimum potential 0 is 5iT, and 
a time period in which the potential of the driving signal becomes aiV or a2V 
is 52T. Herein, ai is a coefficient satisfying the relationship- 1 < ai. < 2, and 
a2 is a coeflELcient satisfying the relationship- 0 < a2 < 1. 

FIG. lOB is a graph showing changes in a ratio Rll of an amplitude 

15 of a third order vibration mode to an amplitude of a first order vibration mode, 
a ratio R 12 of an ampHtude of a fifth order vibration mode to the amplitude of 
the first order vibration mode, and a value R13 obtained by normalizing a 
sum of Rll and R12, with respect to a change in a second time ratio 82, in a 
case where a first time ratio 61 shown in FIG. lOAis set to be 0.21. 

20 As shown in FIG. lOB, R13 becomes minimum when the second time 

ratio 52 is ra the vicinity of 0.17, in the case where the fijrst time ratio 5i is set 
to be 0.2 1. Therefore, when the second time ratio 62 is set to be in the 
vicinity of 0.17, frequency components in the third order vibration mode and 
fifth order vibration mode can be decreased, compared with the case where 

25 the duty ratio of the driving signal in a rectangular waveform applied to the 
piezoelectric transformer 1 is 0.5. Furthermore, the influence of a higher 
order vibration mode can be decreased, compared with Embodiment 1 or 2. 

Next, the operation of the driving circuit for the piezoelectric 
transformer 1 wiU be described, based on the first time ratio 5i and the 

30 second time ratio 62 obtained as described above. 

In FIG. 9, the driving frequency and applied voltage (potential V, 
coefficients ai, a2 in FIG. 10 A) of the piezoelectric transformer 1 are set in the 
control section 33. A control signal is generated based on the first time ratio 
5i and the second time ratio 82 obtained as shown in FIG. lOB. In 

35 accordance with the control signal, the control section 34 supplies power to 
primary side electrodes of the piezoelectric transformer 1 in a voltage 
waveform with an amphtude shape as shown in FIG. lOA. The power 
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supplied from the driving section 34 is stepped-up by the piezoelectric 
transformer 1 to be output, whereby the load 2 is supphed with the power. 
The detection section 5 detects an output state of the load 2, and sends a 
detection signal in accordance with the output state to the control section 33. 
5 The control section 33 controls the driving frequency or the applied voltage so 
that the output state of the load 2 is constant or varied, based on the 
detection signal from the detection section 5. 

In the case of using a cold-cathode tube as the load 2 in a circuit 
composed of elements having the above-mentioned functions, the cold-cathode 

10 tube has a high impedance of hundreds of MQ or higher until it starts 

Ughting up, and the impedance of the cold-cathode tube is rapidly decreased 
to hundreds of kf2 during lighting. Consequently, the frequency 
characteristics of the resonance frequency and the voltage step -up ratio of the 
piezoelectric transformer 1 are varied. Therefore, the control section 33 can 

15 control the lighting of the cold-cathode tube and the brightness during 
hghting by setting the driving frequency and the appHed voltage in 
accordance with the Hghting state of the cold-cathode tube, i.e., a change in 
impedance. 

As described above, according to the present embodiment, by 

20 suppressing a higher order vibration mode that is excited by a harmonic 

component other than a driving frequency, included in the driving signal of 
the piezoelectric transformer, without using an inductive element, a driving 
ef&ciency and the reliability in terms of withstand power and distortion of the 
piezoelectric transformer can be enhanced. 

25 Furthermore, it is not necessarily required that the driving circuit of 

the present embodiment is realized with the components shown in FIG. 9, 
and other components may be used as long as they achieve the same 
functions as those in FIG. 9. 

In the present embodiment, regarding the values of the first time 

30 ratio 5i and the second time ratio 82, the case has been described in which the 
piezoelectric transformer is excited in a first order vibration mode, 
considering the influence of a third order vibration mode and a fifth order 
vibration mode with respect to the first order vibration mode. According to 
the present invention, the influence of higher order modes is not limited to 

35 the consideration up to the fifth order vibration mode. 

In addition, the vibration mode for exciting the piezoelectric 
transformer is not limited to a first order vibration mode. If the values of 
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the first time ratio 61 and the second tune ratio 82 are set, considering the 
influence of a vibration mode higher than the vibration mode that excites the 
piezoelectric transformer, the same effects can be obtained. 

Furthermore, the driving frequency and driving voltage of the 
5 piezoelectric transformer 1 may be set in the control section 33 based on the 
detection signal from the detection section 5 in FIG. 9, by software processing 
using a microcomputer, peripheral equipment such as a data accumulation 
apparatus (e.g., a memory), or the hke. Furthermore, the driving section 34 
may be composed of a D/A converter or the hke for outputting the driving 

10 voltage waveform as shown in FIG. lOA, an amplifier such as an operational 
amplifier, and the hke. 

Furthermore, in the present embodiment, the time ratio 61 at which 
the level of the driving signal is a maximum potential or a minimum 
potential and the time ratio 82 at which the level of the driving signal is a 

15 potential between the maximum potential and the minimum potential, with 
respect to the period T of the driving signal, are determined. More 
specifically, n is set to be 2, and the time ratios 61 and 82 until the n-th (=2) 
time at which the level of the driving signal is varied successively from the 
maximum potential and the minimum potential to the intermediate potential 

20 with respect to the period T of the driving signal are determined. However, 
the following may be possible* n is set to be 3 or more, and the time ratios 5i, 
82, 8n until the n-th time at which the level of the driving signal is varied 
successively from the maximum potential and the minimum potential to the 
intermediate potential with respect to the period T of the driving signal are 

25 determined. 

Embodiment 5 

Embodiment 5 of the present invention uses the driving circuit for the 
piezoelectric transformer shown in FIG. 1 referred to in the description of 

30 Embodiment 1. The present embodiment is different firom Embodiment 1 as 
follows. In Embodiment 1, the time ratio 8 is determined so as to minimize 
the value R3 obtained by normalizing the sum of the ratio Rl of the 
ampHtude A3 of the third order vibration mode which is a higher order 
vibration mode and the ratio R2 of the amphtude A5 of the fifth order 

35 vibration mode which is a higher order vibration mode, with respect to the 
amphtude Al of the first order vibration mode. In the present embodiment, 
the piezoelectric transformer is driven in a second order vibration mode, and 
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the time ratio 6 is determined so as to minimize the value R3 obtained by 
normalizing the sum of the ratio (Rl) of the third order component (A3) of an 
input current which is a value of a high-order input current and the ratio (R2) 
of the fifth order component (A5) which is a value of a high-order input 
5 current, with respect to the first order component (Al) of the input current of 
the piezoelectric transformer. 

FIG. 11 shows a perspective view iQustrating the configuration of the 
piezoelectric transformer 1 ia FIG. 1, and a waveform diagram showing a 
displacement distribution ofaX (one wavelength) vibration mode. In FIG. 

10 11, reference numeral 131U denotes a primary side upper electrode, 131d 
denotes a primary side lower electrode, 132 denotes a secondary side 
electrode, 133 denotes a piezoelectric body, 140 denotes a low impedance 
portion, and 141 denotes a high impedance portion. Furthermore, reference 
numeral 134 denotes a displacement distribution of a X (one wavelength) 

15 vibration mode of the piezoelectric transformer 1. 

Next, the operation of the piezoelectric transformer shown in FIG. 11 
will be described. When an electric signal (driving signal) is applied to 
primary side electrodes 13 lU and 13 ID of the low impedance portion 140, an 
extension vibration in a longitudinal direction of the piezoelectric transformer 

20 1 is excited by the inverse piezoelectric effect. The excited vibration is 
converted again to an electric signal by the piezoelectric effect in the high 
impedance portion 141, and the electric signal is output from the secondary 
side electrode 132. 

FIG. 12 is a graph showing frequency characteristics of admittance of 

25 the piezoelectric transformer 1 shown in FIG. 11. In FIG. 12, there are a 

plurality of vibration modes of the piezoelectric transformer 1. Furthermore, 
a fourth order or sixth order vibration mode is not excited (more specifically, a 
vibration mode of an even -number order of fourth order or more is not 
excited). In this case, the input electric signal is stored in the piezoelectric 

30 transformer 1, and returned to a power supply as reactive power. 

Therefore, in the case of driving the piezoelectric transformer 1 with a 
driving wavelength shown in FIG. 13A, using a second order vibration mode, 
a sixth order component (A3 in FIG. 13B) and a tenth order component (A5 in 
FIG. 13B), which are harmonic components, are input as reactive power due 

35 to capacitance components of the piezoelectric transformer 1. 

FIG. 13Ais a waveform diagram showing an example of a driving 
signal in a rectangular waveform apphed from the driving section 4 to the 
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piezoelectric transformer 1 in FIG. 1. In FIG. 13A, a period T of the driving 
signal in a rectangular waveform corresponds to a reciprocal of a driving 
frequency of the piezoelectric transformer 1, and a time period in which the 
potential of the driving signal is a maximum potential (2V) or a minimum 
5 potential (O) is set to be 8T. V denotes an intermediate potential. More 

specifically, 5 represents a time ratio at which the level of the driving signal is 
a maximum potential or a minimum potential, with respect to the period T of 
the driving signal. 

FIG. 13B is a graph showing a change in each iaput current value A 

10 calculated from a frequency component by Fourier Transformation, with 

respect to a change in the time ratio 5 shown ia FIG. 13A. In FIG. 13B, Al 
represents a change in the input current value A with respect to a change in 
the time ratio 5, of a frrst order component of the input current of the 
piezoelectric transformer; A3 represents a change in the input current value 

15 A with respect to a change in the time ratio 5, of a third order component of 
the input current of the piezoelectric transformer; and A5 represents a 
change in the input current value A with respect to a change in the time ratio 
5, of a fifth order component of the input current of the piezoelectric 
transformer. 

20 FIG. 130 is a graph showing a ratio Rl of the third order component 

value A3 of an input current that is higher than the first order component 
value Al, a ratio R2 of the fifth order component value A5 of an input current 
that is higher than the first order component value Al, with respect to the 
first order component value Al of the input current shown in FIG. 13B, and a 

25 value R3 obtained by normahzing a sum of Rl and R2. 

As shown in FIG. 13C, R3 becomes minimum when the time ratio 5 is 
in the vicinity of 0.4 (40%). Therefore, when the time ratio 5 is set to be in 
the vicinity of 0.4, higher order input current components can be decreased, 
compared with the case where 5 is 0.5 (the duty ratio of the driving signal in 

30 a rectangular waveform appUed to the piezoelectric transformer 1 is 0.5). As 
a result, the dielectric loss of the piezoelectric transformer can be decreased, 
and an operation with a high efficiency can be performed. Furthermore, 
heat generation can be decreased, so that the rehabiHty of the piezoelectric 
transformer also can be enhanced. 

35 Next, the operation of the driving circuit for the piezoelectric 

transformer 1 will be described with reference to FIG, 1, based on the time 
ratio 6 obtained as described above. 

30 



In FIG. 1, the driving frequency and applied voltage (potential V in 
FIG. 13A) of the piezoelectric transformer 1 are set in the control section 3. 
A control signal is generated based on the time ratio 6 obtained as shown in 
FIG. 13C. In accordance with the control signal, the driving section 4 
5 supphes power to a primary side electrode of the piezoelectric transformer 1 
in a voltage waveform with an amphtude shape as shown in FIG. 13A. The 
power supphed from the driving section 4 is stepped-up by the piezoelectric 
transformer 1 to be output, whereby the load 2 is supphed with the power. 
The detection section 5 detects an output state of the load 2, and sends a 

10 detection signal in accordance with the output state to the control section 3. 
The control section 3 controls the driving frequency or the appKed voltage so 
that the output state of the load 2 is constant or varied, based on the 
detection signal from the detection section 5. 

In the case of using a cold- cathode tube as the load 2 in a circuit 

15 composed of elements having the above-mentioned functions, the cold-cathode 
tube has a high impedance of hundreds of MQ or higher untQ it starts 
Ugh ting up, and the impedance of the cold-cathode tube is rapidly decreased 
to hundreds of kfl during hghting. Consequently, the frequency 
characteristics of the resonance frequency and the voltage step -up ratio of the 

20 piezoelectric transformer 1 are varied. Therefore, the control section 3 can 
control the lighting of the cold cathode tube and the brightness during 
lighting by setting the driving frequency and the apphed voltage in 
accordance with the hghting state of the cold-cathode tube, i.e., a change in 
impedance. 

25 As described above, according to the present embodiment, by 

suppressing an input current value of a harmonic component other than a 
driving frequency, included in the driving signal of the piezoelectric 
transformer, without using an inductive element, the driving efficiency of the 
piezoelectric transformer can be enhanced, and electromagnetic noise can be 

30 suppressed. 

Furthermore, it is not necessarily required that the driving circuit of 
the present embodiment is realized with the components shown in FIG. 1, 
and other components may be used as long as they achieve the same 
functions as those in FIG. 1. 

35 In addition, the vibration mode for exciting the piezoelectric 

transformer is not limited to a second order vibration mode. If the value of 
the time ratio 5 is set considering a vibration mode higher than the vibration 
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mode that excites the piezoelectric transformer and reactive power due to an 
input capacitance component, the same effects can be obtained. 

In addition, the case has been described in which a vibration mode . 
higher than the vibration mode exciting the piezoelectric transformer is not 
5 excited. However, even in the case where the vibration of some of harmonic 
components in an input voltage waveform is excited, and the vibration of 
some of harmonic components in an input voltage waveform is not excited, if 
the value of the time ratio 5 is set so as to minimize a harmonic component of 
an input current (including a reactive current) to the piezoelectric 

10 transformer, the same effects can be obtained. 

Furthermore, the driving frequency and driving voltage of the 
piezoelectric transformer 1 may be set in the control section 3 based on the 
detection signal from the detection section 5 in FIG. 1, by software processiag 
using a microcomputer, peripheral equipment such as a data accumulation 

15 apparatus (e.g., a memory), or the Uke. Furthermore, the driving section 4 
may be composed of a D/A converter or the Hke for outputting the driving 
voltage waveform as shown in FIG. 13A, an amplifier such as an operational 
amphfier, and the like. 

Furthermore, in the present embodiment, the time ratio 5 at which 

20 the level of the driving signal is a maximum potential or a minimum 

potential, with respect to the period T of the driving signal, is determined. 
However, the same effect can be obtained even in the following configuration 
as in Embodiment 4. The time ratio 5i at which the level of the driving 
signal is a maximum potential or a minimum potential and the time ratio 62 

25 at which the level of the driving signal is a potential between the maximum 
potential and the minimum potential, with respect to the period T of the 
driving signal, are determined. More specifically, n is set to be 2, and the 
time ratios 5i and 82 until the n-th (=2) time at which the level of the driving 
signal is varied successively from the maximum potential and the minimum 

30 potential to the intermediate potential, with respect to the period T of the 
driving signal, are determined. 

Furthermore, the following may be possible- n is set to be 3 or more, 
and the time ratios 5i, 82, Sn until the n-th time at which the level of the 
driving signal is varied successively from the maximum potential and the 

35 minimum potential to the intermediate potential, with respect to the period T 
of the driving signal, are determined. 
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TCmhnHimont fi 

FIG. 14 is a schematic diagram showing an iatemal configuration of a 
liquid crystal panel according to Embodiment 6 of the present invention. A 
liquid crystal panel 41 of the present embodiment is mounted on a Uquid 
5 crystal display a liquid crystal monitor, or the Uke, and uses a driving circuit 
for the piezoelectric transformer of any of Embodiments 1 to 5 as an inverter 
circuit 43 for driving a cold-cathode tube 42 that is a bacldight of the Hquid 
crystal panel 41. The cold-cathode tube 42 and the iaverter circuit 43 
constitute a cold-cathode tube hght-emitting apparatus. 

10 In a conventional transformer of an electromagnetic type, a high 

voltage at the commencement of lighting of a cold-cathode tube should be 
output at all times. However, according to the present embodiment, a 
piezoelectric transformer is used, and an output voltage thereof is varied in 
accordance with a load fluctuation at the commencement of Hghting and 

15 during hghting of a cold"cathode tube. Therefore, an adverse effect on 

another circuit system mounted on a Uquid crystal panel can be eliminated. 

Furthermore, a piezoelectric transformer can handle more electric 
energy per unit volume larger than an electromagnetic transformer, so that 
the volume of the piezoelectric transformer can be reduced. Furthermore, 

20 the piezoelectric transformer uses a longitudinal vibration of a rectangular 
plate, so that it is advantageous for being made thin because of its shape. 
Consequently, the piezoelectric transformer can be mounted even in a narrow 
place such as an edge portion of a Hquid crystal panel, which results in 
miniaturization and hght- weight of a Uquid crystal panel. 

25 

Embodiment 7 

FIG. 15 is a schematic view showing an external configuration of a 
mobile telephone as a device with a bmlt-in Uquid crystal panel according to 
Embodiment 7 of the present invention. The Uquid crystal panel 41 in 
30 Embodiment 6 is moxmted on a mobile telephone 50 of the present 
embodiment. 

According to the present embodiment, the Uquid crystal panel 41 
including a driving circuit for a piezoelectric transformer of any of 
Embodiments 1 to 5 is mounted on, for example, a mobile telephone 50. 
35 Thus, the device can be miniaturized, and the reUabiUty thereof can be 
enhanced. 

In the present embodiment, the case in which a Uquid crystal panel is 
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mounted on a mobile telephone has been described. However, even if a 
Uquid crystal panel is mounted on a mobile information terminal, a 
communication terminal, etc., the same advantage is obtained. 

As described above, according to the present invention, by 
suppressing an input current value of a harmonic component other than a 
driving frequency, included in the driving signal of the piezoelectric 
transformer, without using an inductive element, the driving efficiency of the 
piezoelectric transformer can be enhanced and electromagnetic noise can be 
suppressed. Furthermore, by suppressing a higher order vibration mode 
that is excited by a harmonic component other than a driving frequency, the 
rehabihty in terms of withstand power and distortion of the piezoelectric 
transformer can be enhanced. 

Furthermore, by including a cold cathode tube hght-emitting 
apparatus that controls the Hght emission of a cold-cathode tube by the 
driving circuit of the present invention in a Uquid crystal panel, and by 
incorporating the Uquid crystal panel into equipment such as a mobile 
telephone, an information mobile terminal, and a communication terminal, 
the device can be miniaturized, and the reUabiUty thereof can be enhanced. 

The invention may be embodied in other forms without departing 
from the spirit or essential characteristics thereof. The embodiments 
disclosed in this appUcation are to be considered in aU respects as illustrative 
and not Umiting. The scope of the invention is radicated by the appended 
claims rather than by the foregoing description, and all changes which come 
within the meaning and range of equivalency of the claims are intended to be 
embraced therein. 
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